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THE EFFECT OF ANGLE OF BEND BETWEREN PLATE ELEMENTS
ON THE LOCAL INSTABILITY OF FORMED Z-SECTIONS
By J. Albert Roy and Evan H. Schuette

SUMMARY

Thirty-nine Z-sections formed from 24S-T aluminum-
2l1loy sheet wlith the angle of bend between the flanges
and the web varying from 5° to 120 were tested as
columne. Angles of bend from 30° to 120° had 1ittle or
no effect on the criticel stress or on the average stress
at maximum load for local instability of the columns.

The lengthsof the columns were such that at angles of
bend below 30° they failed by Euler buckling.

INTRODUCTION

The thecry for local instabllity of columns composed
of plate elements (for example, see references 1 and 2)
involves the assumptlion that, when local buckling occurs,
the Jjolnts or corners between plate elements remaln in
thelir original straight lines. Experimental investigatlon
(reference 3) indicates that this assumption is justified
when the plate elements meet at angles of approximately
90°; when the angle between plates is consliderably
different from 90°, however, the applicabllity of the
theoretical methods might reasonably be open to question.

In order to investligate the effect of a varilation
in the angle between plate elements of a columm on the
critical (buckling) stress and on the maximum (failure)
streass for local iInstabllity, tests were made of
Z-section columms of 248-T aluminum alloy in which the
angle of bend.for the flanges was varied from 5° to 120°.
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SYMBOLS

E modulus of elasticity, ksi
Oey _compressive yleld stress, ksi
by width of web of Z-section, inches (see fig. 2)
bp width of flange of Z-section, inches (see filg. 2)
byt web width edjusted to wldth fgr Z-gsection formed

with elements Joined at 90, inches (see

fig. 7) _'
bp' - flange wildth adjusted tb.width for Z~section

formed with elements joined at 90°, inches
(see fig. 7)

b, developed width from edge of sheet to middle of
curved portion, inches (see fig. 7)

bn developed wldth from edge of sheet to be?inning
of curved portion, inches (see fig. 7

t thickness of 24S-T aluminum-alloy sheet, 1lnches

r radius of bend, inches (see fig. 2)

8 angle of bend, degrees (see fig. 2)

L length of Z-sectioh column, inches

p radlius of gyration-for Z-section,_incheg

SPECIMENS

All specimens were formed from the same sheet of
0,081l=inch 24S-T aluminum alloy with the grain of the
material parallel to the length of the speclmens.
Compressive stress-straln curves for the 24S-T sheet
are shown in flgure 1. Typlcal test specimens and the
measured dimensions are shown in figure 2. The same
developed width of flat sheet was used to meke all
columns. The colums were so formed that the developed
width from the edge of the sheet to the middle of the

—
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curved portion-was constent. A medibn-line redlus of
bend of four times the nominal sheet thickness was used.

. In order to avoild Euler fellure and to cover as
wlde a range of local instablility as-possible, a nominal
ratio of flange width to web width bF/bw of 0.6 was

used. The angle of bend between web and flange was
varied from 5° to 120° For each angle of bend three
apecimens were made, two with a ratio of column length
to web width L/by equal to 4 and the third with this

ratio equal to 5. The measured dimensions of the
speclmens are given in table I.

METHOD OF TESTING

The column tests were made ir a 300,000-pound-
capacity compression testing machine that is accurate
wlthin 1 percent for the range of lcads:-used 1n these
tests. - .

The dlsplacement of polnters, supported by extension
arms attached to the flanges of the column (see fig. 3),
was taken as ‘a measure of the distortion of the cross
section. Optical micrometers, as shown in flgure Z, were
used to determline this displacement. The critical com=-
pressive stress was obtalned from streses-distortion
curves in the manner outlined in reference 3. In thils
metho>d the critical compressive atress la determined as
the point near the top of the knee of the stress-
dlstortlion curve at which there first occurs a pronounced
increase in dlstortion with small 1ncrease In stress.

TEST RESULTS

The stresses developed by the columns tested are
listed 1n table I and are plotted agalnest the angle of
bend in figure 4. When the angle of bend 1s very small,
the radius of gyration 1s also small, and the slender-
ness ratlio L/p 1s large. The speclimens with small
angles of bend (30° or less) therefore developed Euler
(bending) failures. For the specimens with larger
angles of bend, the stress for Euler failure was higher
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than that for loca]l instabllity, end the local-instebillity
type of feilure was therefore developed.

For those speclmens that failed by local instabllity,
flgure 4 shows little effect of the angle of bend on
elther the critical stress or the average stress at max;-
mum load.

The method of dimensloning of test speclmens, 1llus-
trated 1n figure 2, gives web and llange wldths that )
Increase with increasing angle of bend,. even though the
nominal developed wldth of sheet remains constant.

Flgure 4 shows, however, that the critical and maximum
stresses do not charnge greatly wlth changing angle of
bend. In order to check the experimental results againsat
calculated results, therefore, it is necessary to adjust
the measured dimensions in some manner that will give
comparable values for all specimens.

In the 1nvest1§ation of reference 2, all especzimens
were formed with 90° bends, and the dimens=lons were taken
between Intersections of center lines. This method of
dimensloning provided a good check with theory. In
obtalning the calculated values of critical and maximum
stresses for the specimens of the present lnvertigation,
therefore, all measured dimenslons were adjusted to
values that the specimen would have had i1f 1t had been
formed with 90° bends between rlate elements. The method
of making the adjustment 1s dlscussed iIn the appendix.

Filgure 5 shows the comparison of experimental end
calculated critical stresses. The calculated values
were obtalned from the rharts of reference 1, wlth the
meagured dimensions adjusted as mentioned in the pre-
cedlng paragraph. Flgure 6 shows the comparlison of
experimental and calculated values of average stress at
maximun load. The calculated values were based on the
theoretlicel critical stresses and the extensive test
results of reference %, in which the angle of bend was
90°. Because the value= are based on test results, the
low polints at € = 90° in figure 6 simply indicate that
those test polnts did net fall In line with the tests of
reference 3. These low points, and probably also those
at 8 = 100°, must therefore.be dscribed to experimental
scatter. Except for such experimental scatter, the polnts
plotted 1n both flgure 5 and figure 6 1lndlcate a constant
stress for all angles of bend included.
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- .CONCLUSIONS.

The angles of bend from 30° to 120° between plate
elements had little or no effect on the critical stress
or on the average stress at maximum load for local
"dnstability of Z~section columhs. The lengths of the

columms were such that at angles of bend below 30° the
columns falled by Euler buckling.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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APPENDIX
METHOD CF ADJUSTING MEASURED DIMENSIONS

The measured dimensions shown in flgure 2 were
adJusted to the dlmensions that the specimen would have
had if it had been formed with 90° bends between plate
elements., The method 1s indlcated in figure 7, in which,
for the gereral case, Lo

bp = by + r tan §

However,
so that
bp = by - r(%- tan J) (A1)
or
b. = b ) )
o-—p+r-2--ta.n-2- (4A2)

For the speclal case of 6 = 90° equetion (Al) may be
written

- 111
bF = bO I'(—4' - )

by + 0.2146r (43)

If the adjustment of dimenslons 1s made on the basls

that the developed width from the edge of the sheet to
the middle of the curved portion by 1s kept constant,
as was nomlnally the case in the forming of the specimens,
the evaluation of bp' for any specimen may be made by

substitution of equation (42) into equation (43); then
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- — ..bF|.-= bF + r(0.2146 + % « tan %} s - (A4)

Similarly,

the
are

1.

2.

Se

bw' = by + 2r(0.2146 + % - tan %) (45)

The values of bp' and by' used 1n obtailnling

calculated critical stress for the test specimens
listed in table I.
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TABLE I.- SPECIMEN DIMENSIONS AND TEST RESULTS

NATIONAL ADVISORY

com 0
Cross- Av. stress
Specimen 6 by bp t r L sect’ nal Cg%:ég:l at oy! by!
) (deg) (in.) (in.) (1n.} {1n.) {1n.) area (kst) max, load [ (in.) (in.)
(sq 1in.) (ksi)
1-A 5.1 2,70 1.72 0.078 0.32 12.14 0:483 | ecmese-a 82,10 2,84 1.79
1-B 4.9 2.86 1.65 079 .32 12.10 487 | emcee--a 82,30 3.00 1.72
1-C 5.5 2.78 1.67 .078 .32 16,10 «489 | e=ee-w-- 83,10 2.92 1.74
2=4 10.3 2.77 1.68 078 .32 12.15 483 | ==een~-- 85,60 2.91 1.75
2=B 10.4 2.74 1.70 079 .32 12.11 488 | meeeca-- 46,10 2.88 1,77
2-C 9.9 2.84 1.65 078 .32 16.19 491 ]| ecca~w-- 82,50 2.98 1.72
3=-A 20.6 2.79 1.67 «079 .32 12.12 485 | ew-ces-a 217.60 2.93 1.74
3-B 20,3 2.80 1.70 079 .52 12.12 487 ] eeemeeaa 816.40 2.94 1.79
3-C 20,3 2,76 1.69 079 .32 16,09 491 | =seees-- 812.40 2.90 1.76
4-A 31.2 2.81 1.67 079 .32 12.13 489 17.38 826.00 2.95 1.74
4-B 31.7 2.77 1.71 079 .32 12,12 +493 15.80 825,60 2.91 1.78
4-C 30.7 2.91 1.65 079 .32 16.12 +.491 16.09 819.50 3.08 1.72
5-A 38.6 2.76 1.71 078 .32 12.19 +483 15.90 26.50 2.88 1.77
5-B 40,2 2.78 1.70 079 <32 12.20 +489 16.00 27.00 2.90 1.76
5-C 40,3 2.79 1.69 079 .32 16.14 +490 16.20 25.41 2.91 1.75
6=A 50,4 2.80 1.70 Q79 .32 12.16 487 16.00 26.70 2,92 1.76
6-B 50.2 2.84 1.68 079 .32 12.18 .486 15.80 26.70 2.96 1,74
6-C 50.2 2.86 1.67 2079 .32 16.05 491 15.90 26.20 2.985 1.73
T-A 60.3 2.91 1.67 079 ~52 12,17 485 16.80 27.10 3.01 1.72
7-B 60.1 2.81 1.71 +»079 .32 12,11 486 16.25 27.10 2.91 1.765
7-C 60.1 2.78 1.72 +079 .32 16.05 ,491 15.70 26.80 2.88 1,77
8-A 70.3 2.99 1.67 +078 .32 12.15 .484 16.40 26,40 3.07 1.71
8-B 70.2 2.85 1.72 «079 .32 12.18 .487 15.40 27.10 2.935 1.76
8-C 70,1 2.83 1.73 079 .32 16.10 .489 15.10 26.80 2.91 1.77
9=-A 79.8 2.865 1.745 079 32 12.16 488 15.30 26.50 2.905 1.765
9-B 79.9 2.875 1.74 079 .32 12,16 488 15.70 26,90 2.915 1.76
9-C 79.8 2.865 1.745 079 .32 16.13 +491 15.90 26.60 2,905 1.765
10-A 89.6 2.915 1.77 079 .33 12,12 484 15.30 24.30 2.915 1.77
10-B 89.5 2.92 1.77 +078 ) 12.10 «489 15.75 24.00 2.92 1.77
10-C 90.6 2.94 1.755 078 .32 16.05 .484 14,70 26,10 2.94 1.755
11-4A 99.35 2.985 1.79 079 .32 12,17 .486 15.20 24.80 2.925 1.76
11-B 99.7 2.97 1.81 078 .32 12.14 483 14.92 26.60 2.91 1.78
11~C 98.8 2.985 1.79 078 .32 16,12 .488 15.80 23.30 2.925 1.76
12-A 109.5 3.125 1.85 J0T9 32 12.15 489 15.38 26,70 2.965 1.77
12-B 109.4 3,135 1.85 079 33 12.16 .486 15.40 27.40 2,975 1.77
12-C 109.4 3.15 1.84 +079 .33 16.00 .488 16.00 26,30 2,99 1.76
13-4 120.5% 3.26 1,93 079 33 12.06 480 16.15 27.00 2.942 1.771
13-B 119.7 3.25 1.915 079 .31 12.10 .488 17.00 27.00 2.964 1.772
13-C 118.5 3.26 1.91 +078 .52 16,20 .483 16.80 25.40 2.984 1.772

8Column failure.
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Fiqure 1.- Compressive stress-strain curves
for 24 S-T aluminum alloy.
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Figure 2.~ Measured dimensions of
cross section of test sSpecimens.
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Figure 3.- Specimen of

7Z-section column under load.

92177 "ON €3 VOVN

g "31I



NACA RB

Fig.

No. L4126
28
i
{ a ) P
> & N = Al
24 2
20
_ e
K9]
X
gg’ Local failure
8 12 ' .
+ [ & Maximum stress
) o Critical stress
8 -
j Euler failure ]
[ x L/by = 4
4 + L/by =5
/ NATIONAL | ADVISORY
COMMITTEE FOR AERONAUTICS
o |
o 20 40 60 80 100 120
Angle of bend,®,deg
Figure 4 .— Effect of angle of bend on the critical and

maximum stress of 24 S-T aluminum-alloy columns
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Figure 5. — Ratio of experimental to calculated critical

stress for angles of bend.
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Figure 6.— Ratio of experimental to calculated maximum
stress for angles of bend.
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Figure 7. - Median-line diagram of specimen
cross section siiowing adjustment to
90° bend.
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